Knowledge of viral multiplication in the enteric tract of man or animals, particularly in the case of poliovirus, is derived from studies of the excretion of orally fed virus or the distribution of virus in segments of intestinal and associated visceral tissues removed at autopsy. The development of attenuated poliovirus vaccines and the related problems of altered virulence through serial intestinal passage has increased the need for a method in vitro for investigating the ecology and pathogenesis of viral infections in intact alimentary regions. If In the following, we shall describe a method for the prolonged maintenance of monkey and human ileum segments in vitro and the multiplication of poliovirus within the wall of such tissues when this agent is introduced into the preparation.
MATERIALS AND METHODS
Medium. Eagle's (1955) basal medium, modified so as to contain only 0.5 g glucose per liter, was employed. The pH was adjusted to 8.0 to 8.2 by the addition of the required amount of 5% sodium bicarbonate. Antibiotics in the following amounts were added (per ml): penicillin, 200 units; streptomycin, 200 units; mycostatin 10 ,ug. Serum was not incorporated into the medium.
Preparation of intestinal segments. Portions of rhesus ileum, approximately 3 cm long, were removed aseptically from monkeys killed with ether. The tissues were immediately placed in chilled Hanks' balanced salt solution containing antibiotics. Although successful preparations have been made from tissue which had been stored in the refrigerator for from 8 to 24 hr, greatest motility was obtained with segments removed as soon as possible after death of the animal. It is essential to remove as much as possible of the intestinal contents. This was accomplished by gently pushing a cotton-tipped wooden applicator moistened with Hanks' balanced salt solution through the lumen of the gut several times while one end of the tissue was held with mouse-tooth forceps. Frequent changes of the cotton are necessary.
Both static and rolling preparations have been studied. For the static method one end of the cleaned tissue segment was tied over the end of a flared piece of glass tubing of the proper diameter using sterile surgical suture. We have used 14 in. bore tubing for monkey tissue; 12 in. for human ileum. Length of the tubing has been 6 to 8 in. but this is not critical. The lower end of the gut segment was then tied shut with suture to form a bag about 1 in. long depending from the end of the glass tube. The tube and attached section of gut were then filled with nutrient medium so that the gut was distended. The preparation was then inserted into a 125-ml Erlenmeyer flask containing approximately 100 ml of Eagle's medium. (See Fig. 1 .) Note that the glass support tube is plugged beforehand with a rubber closure to maintain positive pressure in the gut and that the level of fluid within the tube is higher than that in the surrounding vessel. Positive hydrostatic pressure within the lumen serves to distend it, a factor of importance as it decreases the rate of autolysis of the lumen wall. The preparations were incubated at 35 to 36 C. Since such tissue will form acid rapidly, the external medium was replaced daily. 564 It has also been possible to perfuse the segment with medium continuously and also allow fresh medium to flow into the surrounding fluid. In Fig. 2 the tissue at the time that it was first filled with medium. Draining or refilling the lumen was accomplished by means of a 5.0 mnl syringe to which was attached a length of small plastic catheter which was inserted down through the glass supporting tube. It was often possible to simply pour the fluid out of the tissue by inverting the glass tube and holding the segment of gut vertical with forceps. Concentrations of virus were determined in either lumen fluid or the washed ileum wall. The latter was prepared by perfusing the ileum segments with approximately 200 to 500 ml of Hanks' balanced salt solution using a gravity feed and allowing the fluid to flow through the gut at a rate of approximately 50 ml per min. At the end of this time, the washed ileum wall was minced with scissors and ground in a mortar and pestle to a 10% suspension in Hanks' balanced salt solution. The suspension was then clarified by centrifugation at 3,000 rev/min for 10 min. Lumen contents or washed intestinal wall were tested for their virus content by titration in monkey kidney tissue roller tubes in the conventional fashion.
RESULTS
To establish whether virus would multiply and accumulate in the lumen of excised segments, three replicate ileum preparations from the same WARREN AND KAUFMAN Attention was then directed to the virus level appearing in the ileum wall after a known concentration of MEF, virus was allowed to remain in the lumen for only 24 hr. For this and all subsequent experiments we have used the "sac" method shown in Fig. 1 . Table 2 illustrates data from two experiments wherein a virus titer in excess of that originally introduced was recovered from the washed monkey ileal tissue when separate segments were titrated on the days indicated. It should be noted that after the first 24 hr these segments were washed and refilled daily and resuspended in 100 ml of fresh medium. Results of a similar study, but in which a graded inoculum was used and the tissue titrated at only one interval, 5 days, is shown in Table 3 . In experiment A, it can be seen that although infection was established when inocula from 103 7 to 10' 7 TCD50 per ml were introduced into the lumen, the gut receiving 102 7 to 103-7 TCD5o/ml. ileum, ground to TCD50 per ml yielded substantially more virus than was originally inoculated.
In experiment B, using larger infecting doses, 2.5 to 3.7 log dilutions of virus were obtained from rhesus tissues which had been washed with a volume of fluid, 500 ml, calculated to reduce the titer of any residual virus from the lumen contents to no greater than 1.6 TCD50 per ml. Two similar experiments in which virus was introduced into postoperative segments of human ileum and sigmoid have been unsuccessful, and no poliovirus increase could be detected although active peristalsis was maintained for 3 days. Whether the donors may have had antibody to type II poliovirus is unknown, but this may prove to be a factor in viral multiplication in excised segments.
Two attempts to propagate poliovirus in series through rhesus ileum have not been successful beyond three transfers. The original gut preparation in the series was infected with 2.0 ml of medium containing 103.0 TCD50 per ml. At the end of 4 days, the lumen content was removed for titration and the ileum wall washed and titrated as described. A second, fresh ileum sac was then inoculated with 0.1 ml of a 10% suspension of the previous passage tissue plus 1.9 ml of medium (final dilution of tissue = 1:200). Four transfers in this fashion were made at 4-day intervals, and the infectivity levels for lumen contents and the intestinal wall determined for each passage. Although there is a voluminous literature on maintenance of isolated intestine for short, 1-to 3-hr periods, we have found only one reference to prolonged activity. Laqueur (1914) maintained segments of guinea pig intestine for 3 weeks in a state of active peristalsis, using Tyrodes solution containing horse serum and with the segments receiving continuous oxygenation. We feel that three aspects of the technique we have employed should be emphasized: (i) Acid formation is rapid and should not be permitted to result in a prolonged low pH. This is achieved by reducing the glucose concentration in the medium and starting the cultures at a pH of 8.0 to 8.2. (ii) The lumen of the intestine should be maintained in a gently dilated state to decrease autolysis of the mucosa. (iii) Overwhelming bacterial contamination can be controlled only by frequent changes of antibioticcontaining media. No attempt was made to prolong tissue viability by means of other media, control of the oxygen saturation, or reduction of temperature, all of which might have resulted in a prolongation of organ activity. SUMMARY A method has been described for the maintenance of intestinal segments in vitro. Either continuously perfused, rolled, or static cultures were satisfactory. It has been found that type II poliovirus will multiply in the wall of excised monkey ileum, and there is evidence to suggest that multiplication can occur in the absence of intact mucosal epithelium.
